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b) incubating the conjugate with the membrane, wher upon 
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c) the conjugate is transported across the membrane. 
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REMARKS 

Status of the Claims 

Claims 1-26 are pending in this application. The Office has withdrawn claims 6 

and 7 as being drawn to non-elected subject matter. Applicants acknowledge the 
Office's statement that, upon allowance of a generic claim, Applicants will be entitled to 
consideration of claims to additional species written in dependent form or that othenwise 
include all of the limitations of an allowed generic claim. (Office Action, page 2,) 

Applicants have amended claim 6 to delete the phrase "is a low molecular weight 
compound having." As amended, claim 6 encompasses compounds with a molecular 
weight (ess than 500 Daltons. Because the specification indicates that low molecular 
weight compounds, for example, have a molecular weight less than 500 Daltons, this 
amendment does not alter the scope of claim 6. (Page 8, lines 1 9-21 .) Applicants have 

1 

also amended claim 16 to add step c) in which "the conjugate is transported across the 
membrane." This amendment is supported by the specification as a whole. Support for 

1 
1 

1 the amendment may also be found, for example, at page 23, line 5, to page 24, line 27; 
page 31, Example 7; pages 36-37, Examples 16-18; and pages 37-41, Tables 1-6. 
Because these amendments do not introduce new matter or require a further search of 
the art, Applicants respectfully request their entry. 

i 
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Claims 22-24 Are Enabled by the Specification 

The Office contends that claims 22-24, directed to a "process for preparing a 
phamiaceutical composition" and to a "pharmaceutical composition" are not enabled. 
(Office Action, pages 3-9.) The Office contends that antisense is an unpredictable 
technology and asserts that, because the claimed conjugates may comprise antisense 
oligonucleotides* using the claimed compositions requires undue experimentation. 

Applicants traverse this rejection. Claim 22 part a) requires attaching the 
conjugate to a "pharmaceulically active compound or a derivative thereof," That is, by 
the plain language of claim 22, the antisense component of the composition is 
"pharmaceutically active." The level of predictability of antisense technology in general 
is therefore irrelevant to determining whether claims 22-24 are enabled by the 
specrflcation> 

The working examples of the specification show that the present invention 
improves the cellular uptake of several different oligonucleotides. (Specification, 
Examples 7 and 16-18, and Tables 1-6.) For instance, Example 7 and Tables 1-3 show 
that fluorescence from FDA-labeled C0_1 and C0_3 oligonucleotides, which are 
conjugates according to the invention, is moderate to strong after 120 minutes of 
incubation with mammalian, insect, fungal, and prokaryotic cells. In contrast, these cells 
do not generally take up fluorescein-labeled oligonucleotides of the same sequence that 
have not been prepared as conjugates according to the invention, (/d) Exampl 16 
and Table 5 show that mammalian REH cells effectively take up 20, 50, and 80-mer 
oligonucleotides that have been modified according to the invention. Example 17, 
Figure 9, and Table 4 show that an oligonucleotide conjugate inhibited tumor cell growth 
in culture. 
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The Office has provided no evidence to support its assertion that one skiiied in 
th art would have to engage in undue experimentation in order to use the claimed 
conjugates to increase the cellular uptake of other ''pharmaceutically active" 
oligonucleotides known in the art. For example, some of these pharmaceutically active 
oligonucleotides are described in a recent review by Alan Dove. {Nature Biotechnology 
20: 121-124 (2002); Exhibit A.) Table 1 in that review includes a list of compounds 
presently in phase 11-111 clinical trials. Although the Dove review was published after 
Applicants' July 28, 1999, priority date, it is reasonable to conclude that some, if not all, 
of these oligonucleotides were known to be "pharmaceutically active" at the time the 
present application was filed because clinical testing frequently takes several years. 
These molecules target a variety of conditions, including various cancers, viral 
infections, diabetes, and asthma. (Exhibit A, Table 1,) The review also discusses 
Vrtravene, a compound approved by the Food and Drug Administration in August 1 998 
for treatment of cytomegalovims. (Exhibit A, page 122.) Moreover. Table 1 of the 
review by Crooke and Lebleu shows that a large number of genes have been 
successfully targeted with antisense oligonucleotides. Commenting on this table, 
Crooke and Lebleu state at page 24 that "[t]his aray of pharmacological effects clearty 
demonstrates the broad potential therapeutic applicability of these dmgs." The 
specification at page 13. line 21, to page 17, line 26. also lists numerous sequences that 
are directed against different gene targets. The Office has provided no reason to 
suppose that it would require undue experimentation to make and use the claimed 
conjugates with such pharmaceutically active oligonucleotides. 
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Applicants submit that the conjugation method of the invention can be generally 
applied to oligonucleotides and several other types of molecules. (Specification, page 
5. lines 21-34; page 22, lines 1-12; and Examples 2-4.) Testing whether the cellular 
uptake of the molecules is improved by conjugation according to the invention involves 
relatively simple fluorescence assays using cell culture systems well known to those of 
skill in the art. For example, the review by Crooke and Lebleu, which the Office has 
cited, describes tests of cellular uptake of antisense oligonucleotides in HeLa cells and 
Trypanosome bruceL (ST. Crooke & B. Lebleu, Antisense Research and Applications, 
(CRC Press, 1993), pages 19-21 and Table 1.) Thus, the working examples establish a 
sufficient correlation with the expected use of the claimed pharmaceutical compositions. 
See M.P.E.P. §§ 2107.03(111) and 2164.02. Using the claimed conjugates to improve 
the cellular uptake of pharmaceutically active compounds is therefore credible and 
involves no undue experimentation. 

The Office also asserts that the specification lacks disclosure of particular 
therapeutic protocols, dosages, or routes of delivery for therapeutic antisense 
oligonucleotides. (Office Action, pages 6-7.) 

Applicants submit that it is not necessary to provide guidance in the specification 
as to particular therapeutic protocols because the invention provides a method for 
increasing the cellular uptake of ''pharmaceutically active" antisense components for 
which this information is already known. Where an invention is an improvement of a 
known method, as here, there is no need to re-state the known details of the method in 
the specification. Indeed, the specification need not disclose, and preferably omits, 
what is well known to those skilled in the art and already available to the public. 
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M.P,E,P. § 2164.05(a). For example, therapeutic protocols, dosages, and routes of 
delivery must be known by those of skill in the art for the antisense oligonucleotides 
listed in Table I of the Dove review because these parameters are requirements for 
perfonning a dtnlcai trial. 

The Office also asserts that the claimed compositions are not enabled for use as 
in mo diagnostics. (Office Action, pages 8-9.) The Office has cited two publications 
relating to tumor ceil targeting in mice with peptlde-nucleic acid compounds. However, 
those in the art have successfully used other methods of in vivo diagnosis with 
antisense oligonucleotideSp such as In situ hybridization. For example, Y. tshrdou et al. 
applied a synthetic oligodeoxynucleotide probe to the skin of human patients to detect 
increased expression of decorin mRNA in the epidermis, an indication of a disease 
causing ossification of the ligaments, {In Vivo 9: 469 Abstract (1995); Exhibit B.) in situ 
hybridization has also been widely used in ex vivo procedures such as tissue biopsies. 
0. Gelmetti et al. used dioxygenin-labeled antisense RNA probes to detect rabbit 
haemorrhagic disease virus based on analysis of liver and spleen tissue. {J, ViroL 
Methods 72: 219 Abstract (1998); Exhibit C.) I. Eberhagen et al. used antisense probes 
to determine the level of expression of a DNA repair enzyme in human mammary 
carcinomas and brain tumors. {Anticancer Re$^ 15: 761 Abstract; Exhibit D.) R.P. 
Stowe et al. tested the peripheral blood of patients with chronic mononucleosis for the 
presence of the Epstein-Ban- virus using fluorescein-iabeled antisense oligonucleotides 
and flow cytometry. (J. V7ro/. Methods 75: 83 Abstract (1998); Exhibit E.) In all of the 
above protocols, which were published prior to Applicants' filing date, it is necessary for 
the antisense probe to enter the cells of the tissue or organ in order to bind and detect 



Received from < 202 4084400 > at 8/12/02 10:41:59 AM [Eastern Daylight Time] 



f=IUG 12 2002 10:32 FR FI 



GAN HENDERSON 202 408 4400 



70374G5338tt 



P . 09 



FINNECAN 
HENDERSON 
FAR A B O W 
CARRETT& 
DUNNEH kU 

1300! Street, NW 
Washrngtoa DC 20005 
202.406.4000 
Fax 2Q2.40B.4400 
www.finnegsn ,coni 



Application N . 09/627,787 
Attomoy Docket Na 024811679 



the appropriate mRNA. Because the present invention allows for improved cellular 
uptak of antisense oltgonucleotides and other compounds, rt is expected that these in 
vivo diagnostic methods can be improved by applying the instant claimed methods. 

In summary, Exhibits A-E and the discussion above show that the processes of 
claims 22 and 23 and the pharmaceutical compositions of claim 24 are adequately 
supported by the specification and the prior art because they have a credible 
pharmaceutical utility to which the working examples con-elate. Because the Office has 
provided no basis for the assertion that one skilled in the art would be forced to engage 
in undue experimentation in order to use the claimed conjugates to increase the cellular 
uptake of pharmaceutically active oligonucleotides, Applicants respectfully request the 
withdrawal of this rejection. 



Claims 5-7, 9, and 16 Are Definite 

The Office first contends that the phrase "the oligonucleotide is modified" renders 
claim 5 indefinite. (Office Action, page 9.) According to the Office, the specification 
does not provide a standard for determining the meaning of this phrase and one of skill 
In the art would not understand what the oligonucleotide is modified relative to. 
Applicants traverse this rejection. The specification at page 10, lines 19-25, describes 
oligonucleotides and the nucleotide monomers that they may comprise. It also 
describes numerous modifications at page Id line 26, to page 13, line 2. Thus, the 
specification illustrates the oligonucleotide that is to be modified and some of the kinds 
I of modifications that could be used. Furthermore, there is an extensive body of art 
concerning modified oligonucleotides, indicating that those of skill in the art understand 
the metes and bounds of the term. In fact, the term "modified oligonucleotide" Is so 
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widely used in the art that there are currently over 4300 references in the PubMed 
database that contain it. For example, several of the publications submitted to the 
Office in conjunction with this application discuss modifications that may be introduced 
chemically. {See, e.g., C.F. Bennett et al., P. Breeuwer et al.. KP, Iyer at al.. J. 
Hunziker et al., E-P. Stirchak et al., J. Summerton et aL, and P.E. Nielsen et al.) In 
addition to modifications prepared by chemical synthesis, there are a number of 
modifications that can be incorporated Into oligonucleotides in vivo, such as the 7- 
methyl-guanosine 5'-end cap, the formation of the unusual bases of transfer RNAs. or 
the methylation of genomic DNA. Therefore, Applicants submit that both the 
specification and the art set forth the metes and bounds of this phrase. 

Second, the Office contends that claims 6 and 7 are indefinite because the 
phrase "low-molecular-weight" is a relative expression. The Office asserts that it rs not 
clear which compounds of < 500 Daltons are "low-molecular-weight" compounds. 
(Office Action, pages 9-*10.) Because Applicants have amended claim 6 to remove this 
phrase, this rejection Is moot 

The Office next asserts that the structures Fl-Fl 1 in claim 9 employ "non- 
standard nomenclature," i.e.. a "squiggly" line, and are therefore indefinite. {Office 
1 Action, page 10.) Applicants traverse this rejection because squiggly fines are often 
used to denote how a particular group is attached to a larger molecule. For example, 
the Abstract of T.P. Prakash et al., submitted to the Office on August 22, 2001 , shows 
two nucleotide units of an oligonucleotide. Oxygen atoms at the 3' and 5' end are drawn 
with a squiggly line to denote their attachment to the rest of the oligonucleotide. Figures 
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i 

3 and 7 of the article by M. Manoharan. also submrtt d to th Office on August 22, 
2001, include similar drawings. 

Moreover, Applicants submit that even if, arguendo, the drawings in claim 9 are 
not "standard," the meaning of the squiggly line is clear. The carbon to which this line is 
attached is the only carbon atom in each of the structures that contains only 3 bonds to 
other atoms within the structure. Therefore, the only chemically reasonable 
interpretation of the squiggly line is that it represents the point of direct or indirect 
attachment to the molecule to be transported. 

Finally, the Office contends that claim 16 is indefinite because it allegedly 
contains method steps "not concordant with the purpose set forth in the preamble," 
which states "[aj method for transporting a molecule across a membrane/ (Office 
Action, page 10.) Applicants submit that this rejection is moot in light of the amendment 
i to claim 16. The amendment adds step c) in which Ihe conjugate is transported across 
the membrane." 

In light of the above arguments and amendments, Applicants request that the 
Office withdraw each of these rejections. 

The Office Has an Obligation to Examine Claims 1<5 and 8-26 

The Office finds that claims drawn to the elected species, a conjugate comprising 
F3 as an aryl group, oligonucleotides as the compounds to be transported, and a 
carboxyJic add as a reactive function, are allowable. (Office Action, page 10.) 
However, the Office also objects to claims 1-5 and 8-26, asserting that they embrac 
species other than those that Applicants have provisionally elected. (W.) Under 37 
CP.R, § 1.146, the Office has a duty to examine the non-elected subject matter of these 
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claims to the extent necessary to determine the patentability of the generic claims, 
M.P.E.P. § 803.02. Applicants respectfully request that the Office carry out thrs 
examination with regard to claims 1-5 and 8-26, as well as claims 6-7, 



CONCLUSION 

In view of the foregoing amendment and remarl^s, Applicants respectfully 
requests the reconsideration and reexamination of this application and the timely 
allowance of claims 1-26. 

Please grant any extensions of time required to enter this response and charge 

any additional required fees to our Deposit Account No. 06-0916. 

Respectfully submitted, 

FINNEGAN. HENDERSON. FARABOW, 
GARRETT & DUNNER. LL.P. 



Dated: April 2, 2002 



By:. 



Elizabeth A. Ddherty 
Reg. No, 50.894 



-10- 



Recelved rrom < 202 408 4400 > at 8112/02 10:41 :59 AM [Eastern Daylight Time] 



RUG 12 2002 10:34 FR FI 



GfiN HENDERSON 202 408 4400 



7037465338tt 



P . 13 



F AR A B O W 
GAR ft ETTft 
DONNER ki: 

1300 t Street, NW 
Wdihin^ton, DC ZOOOS 
202.40a.4000 

www.rlnnK^a/i.corTi 



Application Number: 09/627,787 ; 
Filing Date: July 27, 2000 : 
Att mey Docket Numb r: 02481.1679 



APPENDIX TO AMENDMENT OF APRIL 2. 2Q02 



Version with Changes Marked-up 



Amendment to Claims 



6. (AMENDED) The conjugate as claimed in claim 1 , wherein the 
molecule to be transported [is a iow-molecular-weight compound having] 
has a molecular weight < 500 Dalton. 



16. (AMENDED) A method for transporting a molecule across a 
membrane, which comprises 

a) preparing a conjugate in which the molecule to be transported is 
attached to at least one aryl radical of the formula I or II, [and] 

b) Incubating the conjugate with the membrane, whereupon 
c^ the conjugate is transported across the membrane . 
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Feature 



Antisense and sensibility 



It took a leap o\ faith for researchers to believe that antisense technology might lead to novel 
medicines, but that commitment could soon pay off. 



s 
I 

c 
u 

I 

1 



a. 

e 

(9 
f 



I 

z 

S 
8 




Though elegont In theory, antisense teth- 
nology has proved rather more challengtiig 
In its execution. In Its short history, anti- 
sense has been hailed as a revolutton in 
biotechnology, and then derided as a pipe 
dreanL In paralle]. investors' enthusiasm for 
antisense developers has waxed and waned. 
Along the way, many of the companies that 
caught the creii of th6 antisense wave dur- 
ing the early IddOs have vanished or 
switched to entirely dlfTerent strategies, but 
a few have Soldiered on. However the sci- 
ence of ancfsen&e has made rather more 
sraady progress towanl a better undefstand- 
Ing of how gene expression can be regulated 
artificially. Now, pharmaceuilcal companies 
that previously shunned the field are giving 
It serigu^ coTvlderatiDn, viewing antisense 
as a potential rout« for developing novel 
drugs. The surviving antisense companies 
are now poised to reap the benefits. 
Nevertheless, experts caution against a 
return to the wild exuberance that charac- 
terized the early days of antisense. 

Simple ttieoiy, complex reality 

Antisense Inhibition of gene expression 
relies primarily on the simple rules of base 
pairing of nucleic adds (see Fig. I), VVhen a 
gene Is transcribed, the resuittng messenger 
RNA (mRNA) contains the "sense" 
sequence, which Is translated into a protein 
Knowing the sequence, it Is easy to deduce 
the complemeniar^, or "antisense", 
sequence of DNA or RNA that could theo- 
retically bind to a "sense" sequence. 
TradlUonally, antisense sequences have 
been thought to block the traitslatlon of 
mRNA In one of two ways: either by physi- 
cally blocking the RNA sequences that the 
protein Translation machinery needs to 
access, or by marking ihe RNA molecule for 
degradation by the enzyme RNase H. RNase 
H digests the RNA strand of DNA-RNA 
hybrid molecules, structures that often 
arise when viruses Infect ceils. Indeed, nat- 
urally, antisense is involved not only in 
defense against viral attack, but in some 
types of gene silencing. Targeting the 
expression of a gene at the RNA level oFfers 
cells an additional level of regulatory con- 
trol, allowing thfim to switch off the pro- 
duction of proteins even if the RNA is in 
abundance. 



Gone 



mRNA 




UninaortpUon — 




TnMlatton 



AntiwnM 
dnifl 
(DllgDRUctooUdf) 



Proteins 
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PIguM 1. A scnemstic of the mode of acuon of enUaeriae dru^si A short oligonucleoUda paim wtih 
mRNA Ih^i «ni»d w the Qsne target of intoresl, prefvonting ha tfanslaton Into protein. By conlrDot, 
iTQciiUonai vmau rnolecule Ihorapeutlcs ttock the function of proteins tn situ, imags oor>cept ceuneiy 
of ISIS PharmaoouUcals. 



Although not all of the mechanisms 
underlying antisense bihlbUlon are under- 
stood even today, researchers studying the 
phenomenon in the l»i« l98Cls saw the 
potential for a new type of rational dmg 
design. The Idea was to identify genes 
Involved in disease pathogenesis, and then 
syntbesUe short oligonucleotides that 
would shut down the expression of those 
genes- Because the gene sequence itself 
would indicate the structure of the (anti' 
sen$6) drug, trt^ubtesome drug screening 
programs would be avoided. 

Even though the approach was untested, 
invescors flocked to buy into antisense, ~tn 
the early lQ9Gs, there were all these compa- 
nies, and they all were going to get rich off 
anusense," says Arthur Krieg. chief scientif- 
ic ofllcer (CSO) and a founder of Coley 
Pharmaceuticals (Cambridge. MA). "[But 
then] the field practically fell into disrepute 
because of some early results that just 
vreren't reproducible.' 

Ironically, one of the Arse problems fac- 
ing antisense was the fact that it worked loo 
well. The flrsc antisense drugs appeared 
effective against a whole variety of diseases, 
ranging from viral infections to tumors. 
However, more careful controls showed 
that the drugs' effects were primarily due to 
nonspecific tmosting of the immune system 
by the oligonucleotides, rather than specific 



inhibition of the targeted gene. In other 
words, antisense appeared to be a single 
drug with a broad effect, rather than a tech* 
nology platform capable of producing an 
entire class of selective drugs. 

Krieg and others discovered that a dtnu-^ 
cleotlde, cytosine-guanine (CG). was 
responsible for the immune-stimubtlng 
actions of oUgonudeotides. The dinu- 
cleotlde is commonly found in viral and 
bacterial sequences, but Is less frequent 
than expected In human DNA. suggesting 
that the immune system uses CG as a mark- 
er for infection. Although CG dinucieotides 
are not common genome-wide, many of the 
successful early antisense drugs were ones 
that included CG motifs from the human or 
viral sequences that researchers believed 
they were targeting. 

In addition to the mbieadlng immunos' 
timulatory actions of CG sequenceSr anti- 
sense technology faced other hurdles. 
Ordinary DNA and RNA ollgonuclentldes 
are rapidly degraded by enzymes in the 
body, end are difficult to delWer to target 
tissue because, being charged molecules, 
they are not readily absorl>ed by mai^ ceil 
types. Even oiigonucleoildes that have been 
chemically modified have to be delh^r^ 
intravenously, limiting their markeublhty. 

As disappointing results mounted, 
investors fled. 



V0LUIVC20 



121 



Received from < 202 408 4400 > at 8112/02 10:41 :59 AM [Eastern Daylight Time] 



AUG 12 2002 10:35 FR FlWlGfiN HENDERSON 202 408 4400 7037455338tt P. 15 



Feature 



E 

8 

* 

e 

c 

I 

1 



I 

2 




O 0 H 
2'- dMucyoUgofiudMitlda 



O H 



B 



Ms 



O—i B 



2'- deoxyoUgonudoDtMe 
nwthylphotphonato 
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p394 (MafMl DeKkar, 2001). 



One antisense drug, Vltravene — a treat- 
ment for cytomegalovirus (CMV) -Induced 
retinitis in AIDS patients — did successfully 
run the gauntlet of clinical trials, but It 
remains the only antbense drug on the 
marlwL Vltravene meets an important 
need — albeit a smalj one — generating 
aknut $157,000 in sales for ]$IS 
Pharmaceuticals (Carlsbad. CA) and 
Novartis (BaseL Switzerland) last year — a 



sum that wUl have 
disappoult«d investors 
primed for wock- 
busterj. 
If confidence in 

antisense technology 
tumbled during the 
late ld90s. It hit rock- 
bottom late in 1999, 
when a phase 3 trial of 
a drug sponsored by 
ISIS failed (tef. 1). 
The drug, an anti- 
sense molecule called 
ISIS 2302. was being 
tested for treatment 
of Crohn's disease, 
and had been hailed 
by some observers as 
a pivotal development 
in the dnti$ense Held. 
After the failure of the 
ISIS 23D2 trial. 
Stanley Crooke. chief 
executive oillcer 
(CEO) of ISIS recalls: 
*I really wondered for 
quite a few months 
whether or not the 
technology would be 
delayed In its develop* 
ment by more than a 
dec^-' 
However, the field 
soon experienced a revez^l of fortune 
when ISIS presented results from its dia- 
betes research program in June 2000. The 
company presented preclinical data on 
antisense against two targets: phosphatases 
plD. a phosphatase that had previously not 
been ImpUcated in Insulin signaling, and 
phosphatase pdbib, which h^d long been of 
inieresi to the drug industry. The combina- 
[ion of a new target and an apparently sue- 
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cessful antisense dnig strategy caught the 
anentlon of big pharmaceutical companies. 
Swiftly. Ell Lilly (Indianapolis. IN] signed a 
S200 million deal with ISIS in August 2001 
(ref. 2). Other large pharmaceutical and 
biotechnology companies have followed 
Suit, gaining renewed Interest and confi- 
dence in antisense. 

Despite the wild gyrations in Investment 
in the field, the science of antisense has pro- 
gressed steadily. 'I think It was Just a con- 
tinual process of broad advances tai the 
technology coming together In a focused 
way around a set of targets that people were 
interested in,' says Crooke. 'One of the real 
problems In presenting antisense Over the 
years b that it forced people to ask ques- 
tions that had never been asked about 
drugs: How do drugs worit? How do you 
provQ mech^nisAi in a real way?" 

A sense ofoptimfsm 

Indeed, as the remaining antisense compa- 
nies usher a new set of drugs into clinical 
trials, questions about their mechanism of 
action continue to nag. "Certainly the prin- 
ciple behind the technology is sUU true, that 
you can design an antisense con^pound for 
a specific gene target, [but] when that gene 
ha£ been knocked out. what it does &s still an 
open question says Sudhir AgrawaU CSO 
at Hybrldon (Cambridgep MA). For eKam- 
ple, antisense inhibition of a key regulatory 
pfotAin could affect a variety of signaling 
pathways, including some that have yet to 
be discovered. 

Furthermore, even the assumption that a 
target can be inhibited speclflcaliy by an 
antisense drug Is difficult to test. In the 
early days of the technology, companies 
assumed chat any beneficial effects of 
experimental antisense drugs were caused 
bry antisense inhibition, something that the 
field has been "heavily criticized" for. 



Tabto 1. Companies piinuing andsense technoltigy 

CflmpArty pQcaUQn) Major antlaenH focus 



Laad prDckjc^s) and etatua 



AVl Btopharm (Portlmd. OR) 
Coley PharmaceuHcsts 

(Comtvidge. MA) 
EfUD Alochem (FQmtfnQdeie. NY) 
EpiGenefiie (Cranbury. NJ) 
ExAQenics (Datlafi. TX: 

fbmrarty Cytodonal) 
Gents (Borkeley Hefghta, NJ) 
Hybrldon (CambridgQ, MA) 
ISIS PhamtAceuUcarA 

(Carlatwd, CA) 

UwueTheivpeuUcs 

(Markham, ON, Carwte) 
OHGenk H^vei, PCl, Canada) 
Sequttur (NaticK. MA) 



Cancar, rsBtenosls 

CG-based motaajies as fmmune stimutanls 

Antiviral dajQS, flgricufturat anUsanse applications 
Respiratory disease 

Target discovery, cancer and infectious disease 

Various cancers 
Cancer 

Druga for assorted IndicaUons. target dlscovsry 
Vilravene (CMV r&Unltie ttterapy) on markBC; ongoing 
target «£raoning coll^bor^ttons wlih Mvaral partnars 
CariMf 

Aritiviral drugs 
R^QOai^ tools 



RostornNO resienosls therapy (c^ye anttoflnsa)i phasa 2 
Various CQ molBouiw lor treating carx»r, ■sthma/aHafgy, 

and infediouo diaeM, phsse 1 and phase 2 
HGTva3 (Hfv antieAnftfi}, phase 2 
EPt20lO (ad^noeirw A1 rocoptor entiaense). phase 2 
OASIS drug scmenino piatkirm 

Oenasense (£d 2 antliAnM), phaae A 
Gem23l (proiein Kinase A aniisanaa), phaaa 2 



GTt2040 {ribonucieoede rBdudese antieenBe), phase 2 

ORI1001 {HPV E1 antiaonso. topical), pftaee 1 
varioua aniisenM prooucta for functional genomtca and 
dnig diaoowBry reeearcH, OH the m»rkflt 
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according to Frank Bennett, vice president 
of antlsense research at ISIS. Bennett adds: 
''^A% always Look for a drug s effect on a gene 

f tntertst, rather than screening for a phe- 
noty^JC Affect, and assuming It 5 due to the 
antUense mechanism.'' 

{Researchers have found that one key to 
getting specific Inhibition Is to target the 
conea portion of the target RNA sequence, 
sotnething that appears to be determined 
by trial and error only. RNA folds back on 
Itself lo form ^hairpins" and other qompleic 
structures, and not all sites in a given RNA 
molecule are equally accessible to an anti- 
sense inhibitor. Mathetnatlcal models that 
attempt to predict the accessible sites have 
had limited success. In addition to testing 
fyf specific gene expression inhibition, 
companies are also careful to exclude or 
modify CG sequences in their oligonu- 
cleotides to avoid misleading immun05tim- 
ulatory effects. However, Cy Sceln, associate 
profes$or of medlcine at Columbia 
University (New York), remains skeptkal 
about the purported specificity of antl^ 
sense: "There are certainly non-CG g*nene 
mechanisms that are intrinsic to any 
oligonucleotide [longer than a few bases].' 

Although it is possible to identify speclHc 
effects of antlsense drugs by Including suffi- 
cient experimental contn)l$. even Che more 
sophlsdcated new-generation antlsense 
drugs could be working through a variety of 
mechanisms. "It's sort of like what the Air 
Fofce tells you about smart bombs,^ says 
Sieln. ^They're smart, but only up to a 



potni- But if they're big enough, what do 
you care?" Properly designed clinical trials 
can determine whether the drugs work 
against specific diseases, making quibbling 
over mechanisms less of a concern. 

While some companies try to eliminate 
the Immune stimulation caused by early 
antisense drugs. Coley Pharmaceuticals 
hopes to capltaiite on it. 'If you're trying to 
develop an antlsense [drug] to treat an 
inflammatory disease then the immune 
activation is rx>t a desirable thing. On the 
other iiand, If you are developing antisense 
as a way to treat cancer ... it's possible that 
the ImmunosttmulatDry effects might be a 
desirable effect of the oligo." says Coley s 
Krleg, The company is. now focusing on 
developing CG-oontaining oligonu- 
cleotides to modulate the Immune response 
in a$thma. 

Some antlsense pioneers also discovered a 
sideline that could pay the rent durir^ the 
lean years. 'Genomics is producing all these 
great potential targets, how do you decide 
wiiat the target$ do? Antlsense is perfect for 
that." says Krleg. ISIS's proprietary 
Cenetrove drug-target screening program 
has blossomed m recent years, and tha com- 
pany is now carrying out screening pro- 
grams for most of the major pharmaceutica] 
companies. Through Genetrove, drug com- 
panies can hire ISIS to do functional analy- 
sts of target genes using antlsettse. *The 
Genetrove partners get information and 
they get to use it nonexclusively. We iieep the 
antlsense drug rights,' says Crooke. 



Interfering RNA 

DtBcovered in 1996, the phenomenon known as RMA interference (RNAi) has rapidly 
become a standard technkiue for many biDlDgi9t&. "11% been pretty rsvolulkmary; IVs almost 
like PCR," saya Brenda Baas, a remarc^r in the Howard Hughaa MecScal Institute at the 
University of Utah (Salt Lake City, UT). RNAi involves mtroducing a double-stranded piece of 
RNA matching a target gene's sequence rnto b cell. By poorly understood mechanisms, the 
cell then de^radee meeaonder RNA containing Ihet eequence, rapidly and speciHcally 
shutting down expression of the gene. 

RMAI appears to act by a different mocheniem than antiaenae, and its eftecis are more 
spacinc and thorou9h, but until rscantly thars was a major catch: RKlAl did not work in 
mammalian oellSw While researchers working an Irultfilss or womis er\joyed a treasure trove 
of rtm functional Infbrmetion uncovered by RNAI ~knockouls~, thoee working in mammalian 
systems ceukj only watch in amasament 

But in May last year, researchers ai the Max Ranck Irwtltuta (Qtttttngon, Germany) 
reported thai aman RNA molecules, between 21 and 23 base pairs in length, which they 
OUDbeO SrRNAa, couU onui down the expression oF specific genes In mammalian ceUs Ilka 
RNAt doee In WOrm&^ "So far It looks like it's more reproducible than antisense; says Bass, 
but she oaubona that the technique is stM very new. 

Companies era also enthualastlcally rushing Into the breach. AGY Tharapeutrca [S, San 
Fmncieco. CA) announced on November 1&. 2001 that its researchers had successfully 
Mockad neuronal gene aKpresalon In mammalian cella, and the company plans lo use the 
technology to develop therapies Ibr CNS dlseaaafi. Given the history of the anlisense field, 
though (see main text), cautton may be appropriate. 'It's Just as likely [to work tharapauttcatty) 
as antisanaa; says Bass, 'and then you can decide Ifyou think that's likely.' AD 



Althot^h the company started the 
Cenetrove program primarily to provide a 
steady revenue stream. Crooke »y$ that it 
has also helped to revise hostile attitudes 
about antUense therapies: ^Once you 
accept that antlsense works in ceiU and 
animals, and that you might think about a 
second-generation antisense drug for 
something like type 2 diabetes, then you're 
driven to ask 'If It works for this, can it 
work for other things?' * 

Evolving a backbone 

In addition to success in drug screening 
programs, another factor driving interest In 
antlsense is the development of increasing^ 
stable molecules. DNA and RNA have poor 
pharmacokinetic profiles as potential drugs 
as they are swiftly degraded in cells, so 
researchers In the early 1990s began search- 
ing for more durable backborres on which 
to build antisense molecules- Centa 
(Berkeley Heights. NJ) hiitlally developed a 
backbone chemistry called meihylphos- 
phonate. although this failed to work in the 
dlnlc (see Fig. 2). The first workable antl- 
sense DNA backbones— tlie phosphoroth* 
ioates^are now the basis for most antl- 
sense drugs in clinical trials (see Table 1) . 

The phosphorothioate or 'first-genera- 
tion" antlsense drugs are relatively stable in 
The bloodstream, and can reach many types 
of cells when given intravenously. However, 
according to Frank Bennett at ISIS, 'The 
duration of action of these compounds Is 
not as long as we'd like* To this end. the 
company has developed a second-genera- 
tion backbone called the methoxyethyi 
modification, which Increases bcnh the 
potency and half-life of the drug 5^ to 
10-fold. At Hybrldon, second-generadon 
compounds are made with a backbone that 
is a mixture of phosphorothioate DNA and 
RNA. Both ISIS and Hybrldon have found a 
major additional benefit of their second* 
generation chemistries: "With these types 
of modifications, we have been able to show 
that the compounds can be given by oral 
edmlnistratton/ says Hybrldons Agrswal. 
Although most eiiperlmemal antlservse 
drugs are adminisiered Intravenously dur- 
ing clinical trials, their oral availability may 
give antisense a major advantage over other 
biotechnolOgy-gerKrated therapies. 

If there is a third generation of antisense 
backbones* candidates nrvay Include peptide 
nucleic acids (PNAs. see Fig, 2). which use 
amino acids as backbone building blocks. 
PNA proponents argue that peptides can be 
more easily modlHed than phosphoroth- 
loates. but erven researchers developing the 
technology are cautious In their optimism. 
'We are still exploring PNA applications 
internally. It's been more dJfncuU to 
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Somotimes, II pays ti> bellM tn a lost causa. That Is the ledson that ISIS IftamAd as one oF 
tha early entrants In tne antUenae fiald. When amtsense became a diny word on Wall Stmi 
ISIS took advantage of roekrbdttam prices to purchase patent righta from other companies, 
locking up what appears to be the dominant fnteliactual property portfolio In ihs field. 

hard to beliew that an opportunity of mis scale wouM have t>een dominated by one 
llttto company this way. Today. I think wo o«n> most of whars ralevent to own," says Stenley 
Crooke. CEO of IS1& Pharmaoeuticaie (Carlsbad, CA). 

Crooka'a boast Is not en Wla one. Although IStS developed severaj rmportant antieen$e 
tec^no(o$>ed, it ateo aooreaalwely boiight the rights to other companies' patents, Indudtng 
the patent estate of former anthanaa compeny GQeed (Foster City, CA), and rights to key 
patents from Hybridon (Cambridge, MA). 'Our goal was io create a thkdtet of patent dialms 
ttwt would make n cneaper to «tDp and shop at tSIS man to try to drive around our patent 
estate,' says Crooko. A oompany could sttii produce flfsi-genarabon' antisense dnigs usrng 
technokigy that s in the public domain (see main text), but more advanced chemistnes are 
Gwrted or licensed by ISIS. 

On itia other hand, developing an antisenfie drug requlras more than just a txackbone. 
The scienUst or company who owns a gene [patent] owns that antiaense as weltr SXpiainc 
Sudhir Agrawal, CSO at Hybridon. The owner of the gene patent and the owner of the 
antl&enae backtxme patent woukl have to cooperate in order le develOQ the drug, aocplalnlng 
the eagerness of anlissnse Companies to pursue studies of gene function and Identify new 
potential drug targets. . 

Whether this situation wfH drive companies toward collaborsHon or litigation remains to 
be seen. AD 



advance than second-generation chemistry 
[and] the pharmacokinetics for PNAs aren't 
as attractive as they are for second-genei^a- 
tion chembtry,' say« BeniMtt I5IS owns an 
exclusive license for therapeutkc applica- 
tions of PNAs, but has sublicensed the dght 
to develop PNA-based antisense antibiotics 
to Pantheco (Copenhagen, Dentnark) . 
Pantheco hopes to begin clinical tHais on 
the f^rst PNA antibiotics this year. 

Even if newer backbone chemistries do not 
find applicatkMu in che clinic, ihey may l>e 
useful in the lalxiratoiy. Efforcs to use ami- 
sense for studies of gene function have already 
led to some provocative breakthroughs, 
Including the development of Inhibitory RNA 
(E^AI) techniques in a wide range oF model 
systems (see. "Inierfefbig RNA'). 

The boundaries of sense 

As two generailons of antisense drug^ move 
through clinical trials, Investors and 
lesearcher^ ore being rembided of the reasons 
The technology looked good In che flryt place; 
low toxicity, low production costs (wing tra- 
ditional oligonucleotide synthesis tech- 
niques), and poienilaUy easier drug discovery, 
t)ecause simply knowing the largei gene 
sequence leads directly to the drug. At the 
»me time, ongoing researx^h has defined the 
limits of antisense with even greater clarity. 

At very high doses, antlseiue dn^s acti' 
vaie the immune system's complement cas- 
cade, resulting in potentially serious side 
effects. However, the more potent drugs 
now in company pipelines are effective at 



doses far lower than those capable of trig- 
gering Such Side efTects. There may t>e other 
concerns surrounding the intravenous 
administration of antisense drugs, such as 
an increased risk of Infections in the deliv- 
ery lines. Stein hypothesis thst this effect, 
which has been seen in some clinical trials, 
could be caused by negatively charged 
oUganudeotldes causing the aggre^tion of 
white blood cells near the site of injection, 
but adds that it ''seems to be manageable.* 

Other barriers are not as easily surmount- 
ed. For example, "it would be nice to be able 
to target some of the technology towards 
cardiac tissues.' says Bennett, but oligonu- 
cleotides do not appear to tesch skeletal or 
cardiac muscles from the bloodstr^^. ISIS 
is now characterizing the patliways by which 
oligonucleotides penetrate cells, although 
Bennett says that it is nrare of a descriptive 
science at this stage- Antisense cornpownds 
currently in development are unable to pen- 
etrate the blood-brain barrier, making it 
unlikely that they will be used to treat dis- 
eases of the central nervous system (CNS). 
There is. however, preliminary evidence that 
PNA-based antisense drugs might be able to 
reach the CNS (ref. 3). 

Antisense will also not be useful for treat- 
ing acute conditions, in which a protein 
must be eliminated rapidly. If an antisense 
drug 13 indeed working by an antisense 
mechanism, the acdons of the gene |»Dduct 
will not be terminated until the existing pro- 
tein pool has been degraded by the cell — a 
process that could take hours or even days. 



However, antisense tias delivered some 
pleasant surprises, including the finding 
that otlgonuCleOTldes can be delivered easily 
through the jJdn and by mhaiation into the 
lungs. 'When we be;gan the company we 
never dreamt that we could have an anti- 
sense that we could Jusi rub on the skin and 
deliver Into the skin structure;/ says 
Bennett, referring to promising resuhs firom 
animal tests on the company s 
CDB0/CD86'lnhlbIting antisense treatment 
for psoriasis. 

Sense from nonsense 

In the nexi few years, experts in the field 
expect antisense to continue to make steady 
progress, and there ts litde doubt diac more 
antisense drugs will soon Join VttraveiM on 
the market Even ISIS 2302, the drug whose 
failure nearly wiped out ISIS In early ZOOO. is 
now In a restructured piiase 3 trial for ih« 
treatment of Crohn's disease. Crooke says 
that the flnt trial failed because of a dosing 
problem that had not previously been Iden- 
tified, and is optimistic that the tirug will 
now succeed. 

On the corporate side, ISIS, Hybridon, 
and Genta are usuaUy identified as the sur- 
vivors in the antinnse field, remaining 
most heavily committed to Investing in 
antisense. Among the three companies. ISIS 
appears to have locked up much of the 
inteilectual property in the fiekl (see, The 
sense of mielleciua] property*). However, 
ISIS will still have their competitors: anti- 
sense drugs are. after all, Just another type 
of medicine. On November 19, 2001. ISIS 
announced that it had initiated a phase 2 
clinical trial on iSlS 10483^. the first 
seoond^generation antisense drug to enter 
the clink. The drug, an inhibitor of tumor 
necrosis factor ot, U being tested intra- 
venously against rheumatoid arthritis. 
However. ISIS 2302 win compete directly 
with the Cencocor's blockbuster drug 
Remicaid the Crohn's disease market. 
Other antisense cancer therapies, such as 
Genta's Genasense (in phase 3 trials against 
several cancers), are tielng studied primari- 
ly as chemosensitlzers, to enhance the 
effects of chemotherapy agents. 

Still, even skeptics who have watched the 
field develop have been amazed by its 
progress so far. 'In my wildest dreams I 
didn't think w were going to get thb far. I 
admit to what I like to call a healthy skepti- 
cism about (antisense) succeeding clinical- 
ly, but when you look at it. why not?' says 
Stein. 
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Expression of decorin mRNA i„ the skin of patients with 
ossification of the posterior longitudinal ligament 

I»Wdo« Y, Tokunaga M, Miirata F, Yoshida H, Sakou T. 

Department of Orthopaedic Sureery. Kagoshiina Umver^ty. Jap^ 

(°^^) - an intractable 
ossification SeS X^i^le^^^ accompanied by 

Therefore, it is highly probaSt ligaments. 

unties the onsel of K^L^^S^^ SlPgT)^:^ 

(T^-beta). IiS^SStlia 9?^^ °oJ^^^ ^-^"^ 
decorin increased in the ^i^^s^TM,"^^"^^ 
suggests an abnormal exoression cfth^ , O^'LL patients. Ihis 

OPLL patients, m the S "t^'y tdS!^""'^ ? *^ 
non-radioflcrivp ox«.+i,iI; i * ' ^™ nybnaization with 

expre^r^^rrS^hfS "^-'^^ - «^ced 

patients. The increased^itl„ !S teratuiecytes of OPLL 

OPLL patients ma^be i^SeJi ^^'T ^ ^'^^^^ °f 

associated with ossmcaS^^^e S^tntSSr"^!?^ f 
m ossification will contribute to clSS" ff * *J 
pathogenesis of OPLL "^^anncation of the pathophysiology and 
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Detection of rabbit haemorrhagic disease virus (RHDV) by in 
situ hybridisation with a digoxigenin labelled RNA probe. 

Geimetti Grieco V, Rossi C, Capucd L, Larazza A. 

Istituto Zooprofilattico Speriinentale della Lombardia c deirEmilia, Brescia, 
Italy. 

An in-situ hybridisation (ISH) technique for the detection of rabbit 
haemorrhagic disease virus (RHDV) was developed. Thirteen seronegative 
aduh rabbits were infected oro-nasally using the BS89 RHDV strain. Liver 
and spleen samples were collected from 4 h post infection (p.i.) and repeated 
every 4 h till 44 h p.i. Each sample was testod inunonohistochemically, by 
sandwich ELISA and by ISH. A 2.482-kb RNA probe, matching the 
genomic fragment coding for the VP60 stractural protein of RHDV, was 
arranged. Two RNA probes (sense and antisense) were transcribed in vitro 
and UTP-digoxigenin-labelled. The antisense probe clearly detected 
positivity in the cytoplasm of the hepatocytes at 8 h p.i. Labelled hepatocytes 
were scattered throughout the sections until 24 h p.i. followed by a more 
diffuse perilobular positive reaction. A much we^er signal of similar 
distribution was detected up to 24 h p.i. using the sense RNA probe. All 
spleen samples tested negative for both probes. Liver samples were positive 
at 32 h p,i. using both ELISA and the immunoperoxidase test Spleen 
samples were positive using only the ELISA at 32 h p.i. This study showed 
that RHDV replication occuired ahnost immediately after inoculation and 
that the liver appears to be the main site of replication. 
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Deteetion of 06-methyIguaiuiie-DNA 
methyltransferase-expression in human tumors by means of 
in siti] hybridization. 

Eberhagen I, Bankmann M« Kaina B. 

Research Center Karlsruhe^ Department of Genetics* Karlsruhe, Germany, 

The DNA repair protein 06-methylguanine-DNA methyltransferase 
(MGMT) is a main determinant of resistance of tumor celb towards 
nitrosoureas that are in use as cytostatic drugs. It therefore appears of 
importance to determine its expression in tumors before the utilization of 
nitrosoureas for tumor treatment. We have detemjined flie level of 
expression of MGMT in mammary carcinomas and brain tumors by means 
of in situ hybridization, using digoxygenin-labeled RNA driven by MGMT 
expression vector in sense and antisense orientation. It is shown that the 
intensity of the hybridization signal correlates with the MGMT activity of a 
given tumor The results demonstrate the applicability of in situ 
hybridization for deteraiination of MGMT expression in tumor sections. 

PMID: 7645955 fPubMed - indexed for MEDLINE] 
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Detectioa and quantiHcation of Epstein-Barr virus EBERl in 
EBV-infected cells by fluorescent in situ hybridization and 
flow cytometry. 

Stowe Rp5 Cubbage ML, Sanu CF> Pierson DL, Barrett AD, 



Department of Pathology, University of Texas Medical Branch, Galveston 
77555-0605, USA, 



A rapid and highly sensitive fluorescent in situ hybridization (FISH) assay 
was developed to detect Epstein Batr virus (EBy)-infected cells in 
peripheral blood. Multiple fluorescein-labeled antisense oligonucleotide 
probes were designed to hybridize to the EBERl transcript, which is highly 
expressed in latently infected cells. After a rapid (30 min) hybridization, the 
cells were analyzed by flow cytometry. EBERl was detected in several 
positive control cell lines that have variable nutnbers of EBV genome 
copies, No EBERl was detected in two known EBV-negative cell lines. 
Northern blot analyses confirmed the presence and quantity of EBERl 
transcripts in each cell line. This method was used to quantify the number of 
EBV-inifected cells in peripheral blood from a patient with chronic 
mononucleosis. These results indicate that EBV-infected cells can be 
detected at the single cell level> and that this assay can be used to quantify 
the number of EBV-infected cells in clinical samples. 

PMID: 9820577 [PubMed - indexed for MEDLINE] 
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